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w a s  f l i g h t - t e s t e d  t o  determine t h e  f i n  temperature  of t h e  second-stage under 

f l i g h t  condi t ions .  A schematic drawing of t h e  Nike-Cajun Sounding Rocket i s  

shown i n  F igure  1. A panel-and-shroud f i n  des ign  was used i n s t e a d  of t h e  

extruded-hinge type f i n  descr ibed  i n  References 1, 2, and 3. 

panel-and-shroud f i n  are descr ibed  i n  Reference 4. 

Details of t h e  

A schematic drawing of 

t he  f i n  assembly i s  shown i n  Figure 2. Ear ly  problems encountered in panel- 

and-shroud type f i n s  were a t t r i b u t e d  t o  warping, due t o  machining f i n s  from 

p l a t e  s tock.  

tapered  aluminum s h e e t  which e l imina te s  t h e  warpage problem. 

The c u r r e n t  panel-and-shroud f i n  design uses  an extruded 

Descr ip t ion  of Experiment -- This  s tudy w a s  concerned wi th  determining 

t h e  e f f e c t  of f i n  modi f ica t ions  f o r  t h e  Nike-Cajun Sounding Rocket system. 

The f l i g h t  v e h i c l e  was instrumented to  determine f i n  temperature and basic 

i n - f l i g h t  performance c h a r a c t e r i s t i c s .  P r i o r  t o  f l i g h t  t e s t i n g ,  s t r u c t u r a l  

load tests on t h e  panel-and-shroud Cajun f i n  assembly were made, based on 

a n t i c i p a t e d  design loads.  

performed--one a t  room temperature,  where t h e  assembly withstood 3,890 pounds 

F igures  3 and 4 show s t r u c t u r a l  load tests being 

p e r  f i n  a t  d e s t r u c t i o n ;  t he  o t h e r  a t  e l eva ted  temperature,  where t h e  f i n  -_ 

assembly withstood i n  excess of 1,800 pounds load pe r  f i n  a t  21O0F without  

r each ing  permanent y i e  Id  p o i n t  . 
F l i g h t  Test,NASA No. performed on March 15, 1961, being 

launched from Wallops I s l and ,  Virginia .  The loca t ion  of f i n  temperature 

gauges are shown i n  F igures  5 and 6 respectively. Lcngftiidffia1 fairing s c r i p s  

were used  to  p r o t e c t  t h e  wires leading from t h e  f i n  temperature gauges to  t h e  
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, telemetry sec t ion .  Fin temperature gauge No. 1 w a s  mounted on a f i n  panel  i 

1 surface.  

th ickness  could not: be reduced t o  provide a s i t e  to  mount a recessed gauge. 

Had excess ive  bending loads been encountered wi th  the  f i n  temperature gauge 

recessed ,  t h e  s t r e n g t h  of t h e  f i n  panel would have been suspect .  

S ince  t h i s  mid-point of the tang loca t ion  w a s  cr i t ical ,  the  f i n  t 

; 
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1 

1 
Fin temper- 

d 

1 

a t u r e  gauge No. 2, however, was recessed i n t o  t h e  f i n  panel  and, t he re fo re ,  

mounted i n  a region where bending loads were n o t  as crit ical .  

of t h e  f i n  temperature  tests are shown i n  F igures  5 and 6. 

t h e  f l i g h t  v e l o c i t y  as a funct ion  of t i m e ,  both t h e o r e t i c a l  and measured. 

The measured v e l o c i t i e s  were obtained from both accelerometer d a t a  and r a d a r  

sk in  t racking .  

The r e s u l t s  

Figure 7 shows 
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Figure 8 p r e s e n t s  the a l t i t u d e - t i m e  t r a j ec to ry - -bo th  theo- 
1 
i retical  and ac tua l .  

i 
i 

R e s u l t s  -- Fin temperature gauge No. 1 ceased sens ing  temperature a t  
3 
1 approximately 19 1/2 seconds a f t e r  launch. It i s  presumed t h a t  t he  gauge w a s  4 

i 

s t r i p p e d  o f f  t h e  s u r f a c e  by t h e  windstream. A comparison between p red ic t ed  
i 

: 

I 
and actual temperatures  to  t h a t  time show reasonably good agreement (see 

: . .  
1 Figure  3). Temperature gauge No. 2 cont inued t o  sense temperature i n  excess  

of  50 seconds. The agreement between t h e o r e t i c a l  and a c t u a l  temperatures is 

reasonably  good, except  for approximately 7 o r  8 seconds immediately a f t e r  - 

second-stage burnout (see Figure 6). 

! 
? 
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1 
Ca lcu la t ions  were then made t o  determine t h e  e f f e c t i v e  angle  of a t t a c k  

c a p a b i l i t y  based on t h e  r e a l i z e d  temperatures. These c a l c u l a t i o n s  were com- 

pared wi th  those  based onr’design assumptions (see Figure  9 ) .  These r e s u l t s  

are presumed conse rva t ive  inasmuch as t he  temperature  fo r  fin design snsvmed 

e q u i l i b r i u m  cond i t ions ;  whereas, i n  a c t u a l  f l i g h t ,  t h e  f i n  temperature appea r s  

. - -AlfailftBle to NASA Offices and 
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t o  undergo a momentary h igh  temperature surge.  

reading  may be a t t r i b u t a b l e  e i t h e r  to  (1) t r a n s i e n t  e f fec t  of s t agna t ion  

temperature  a t  su r face  p r i o r  t o  conduction of  h e a t  i n t o  t h e  f i n  mass proper  

or  t o  ( 2 )  conduction of h e a t  from the nozzle  r a t h e r  than from aerodynamic 

This  h igh  temperature  gauge 

heat ing.  

Cajun burnout. 

approximating 4 degrees  ang le  of a t t ack .  

From Figure 9, two c r i t i c a l  per iods  occur--at Nike burnout and a t  

A t  both c r i t i ca l  per iods,  t he  f i n s  can wi ths tand  loads 

References -- 
1. N e w e l l ,  H. E., Jr. - Sounding Rockets, McGraw H i l l ,  New York, 1959. 

2 .  Haasen, W. H. and Fischbach, F. F. - The Nike-Cajun Sounding Rocket, 

F i n a l  Report ,  March, 1957, Report #2453-1-F, Engineering Research 

I n s t i t u t e ,  Univers i ty  of Michigan, Ann A r b o r ,  Michigan. 

3. Jones,  L. Me; Hansen, W. H.; Spencer, D. W e ;  Strond,  V. G . ;  and 

Berning, W. W. - The Nike-Cajun Sounding Rocket, J e t  Propuls ion 27, 

%3, March, 1957. 

4. Mamone, R. B. - ARC/SVG, Report: #501-1B, Pre l iminary  Engineering 

Report ,  S t r u c t u r a l  Analysis of an Advanced Design Cajun-Fin-Shroud 

Assembly . 
-- 5. Lane, J. H. - Aerodynamic Heating on t h e  New ARC/SVG Nike-Cajun -. 

- - - _ ,  
Second-Stage Fins. 

Acknowledgment -- The au tho r s  wish t o  acknowledge wi th  thanks the  e f f o r t s  

of t h e  Space Vehic les  Group of A t l a n t i c  Research CorporatJon f o r  manu- 

f a c t u r e  of t he  f i n s ,  f o r  t h e i r  s t r u c t u r a l  a n a l y s i s ,  and permission to 

i n c l u d e  a por t ion  of t h e i r  s t u d i e s  i n  t h i s  r epor t ,  

__ --- 



I 

i ... . .  

! 

I 

I 
1 



. .  8 
, '  

1 .  

! 

z 
LL 
- 

. .  

! I  





-? 5 
, 

p- ‘a, -y 
1 5 7 ; -  
! I 

- 
(u 

r. -- 
I 

5 c? 
0 0 
OD Fc 



i 

, 

u 

I 1 
___$____ 

I 
-3 

I 

c , 
0 0 0 0 0 0 0 0 

0 - 0 C' ' 0 @ c 0 
(3 L3 7- rc) (u 

d o  d?!X 

0 
Q h 

I 



. I . ,  

1 
. 

' :  . 

i 



. -  
0 3 

I I 



1 


